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Proposal PR064081 Department of Defense CDMRP 
Improved Therapeutic Regimens for Treatment of Post-Traumatic Ocular Infections 

Michelle C. Callegan, Ph.D. Principle Investigator 
University of Oklahoma Health Sciences Center, Oklahoma City OK 

 
YEAR ONE ANNUAL PROGRESS REPORT 

 
 

INTRODUCTION 
 
Greater than 10% of the total number of battlefield injuries occur to the eyes, resulting in significant morbidity.1 The 
potential for ocular infection by penetrating injuries is significant, due to the nature of the organisms encountered in 
battlefield environments, and the delay between the time of injury and adequate therapeutic intervention. This proposal 
was designed to analyze the effectiveness of antibiotics, anti-inflammatory drugs, and non-conventional agents that target 
bacterial and host virulence factors, with the goal of improving the outcome of infections that typically result in 
significant vision loss. The goal is to sterilize the eye, arrest inflammation, and preserve vision following post-traumatic 
endophthalmitis. 
 

BODY OF RESEARCH 
 
Statement of Work (Abbreviated). Project tasks (experiments) included 7 experiments encompassing the Aims listed 
below. All experiments were performed using an experimental rabbit model of Bacillus cereus endophthalmitis. In the 
model, 100 bacilli/0.1 ml are injected into the mid-vitreous of one eye, while the contralateral eye is injected with 0.1 ml 
PBS (surgical control) or is left undisturbed (absolute control). At designated time points during infection, treatment was 
administered (intravitreal drug and/or surgery, with proper controls). At designated time points, eyes were 
electroretinographed (measurement of retinal function) and removed after euthanasia for analysis of myeloperoxidase 
activity (from inflammatory cells), drug concentrations, bacterial growth, and histology. Specific experiments included: 1) 
analysis of the efficacy of antibiotics or antibiotic combinations against experimental Bacillus endophthalmitis, 2) analysis 
of the efficacy of antibiotics against B. cereus spores in the eye before and after germination, 3) analysis of the efficacy of 
vitrectomy in conjunction with the most effective antibiotic for treatment of B. cereus endophthalmitis, 4) analysis of the 
efficacy of an anti-inflammatory agent, prednisolone acetate, in conjunction with the most effective antibiotic for B. 
cereus endophthalmitis, 5) analysis of the efficacy of anti-TNFα in conjunction with the most effective antibiotic for B. 
cereus endophthalmitis, 6) analysis of the efficacy of polyclonal antibody generated against B. cereus toxins (anti-toxin) 
in conjunction with the most effective antibiotic for B. cereus endophthalmitis, and 7) analysis of the efficacy of 
polyclonal antibody generated against B. cereus flagella (anti-flagella) in conjunction with the most effective antibiotic for 
B. cereus endophthalmitis. 
 
Aim 1: Conventional Therapeutics. We hypothesized that proper antibiotic/anti-inflammatory and surgical 
intervention is critical for preserving vision during Bacillus endophthalmitis.  
 
Aim 1.1 Antibiotics: Intravitreal administration of antibiotics against vegetative and spore forms of B. cereus 
during the early logarithmic bacterial growth stage of endophthalmitis. 
 
Summary: In Wiskur et al.2, we published that intravitreal administration of antibiotics at 2 h or 4 h postinfection 
successfully preserved vision following experimental B. cereus endophthalmitis. These studies were expanded to analyze 
the fate of the eye after our latest analysis point of 8 h postinfection.  
 
Experimental Design Summary: Eyes were intravitreally infected with 100 CFU B. cereus. 0.1 mL of gatifloxacin (0.3%), 
vancomycin (1.0%), or a combination of both antibiotics at these concentrations were intravitreally injected at either 2, 4, 
or 6 h postinfection. Eyes were analyzed at 12, 24, and 36 or 48 h postinfection by bacterial quantitation, 
electroretinography, inflammatory cell quantitation, and histology (N≥5 eyes per group). 
 
Progress To Date: All antibiotic treatments sterilized all eyes, except vancomycin administered at 6 h, as previously 
described.2 Retinal function analysis is summarized in Figure 1. The results demonstrate the importance of early 
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Figure 1. Retinal 
function analysis of 
eyes with B. cereus 
endophthalmitis and 
treated with intravitreal 
gatifloxacin (Gat, 
0.3%), vancomycin 
(Vanc, 1.0%), or 
gatifloxacin + 
vancomycin at 2, 4, or 6 
h postinfection. Values 
are mean ± SEM of 
N≥5 eyes/group. 
 

 
Figure 2. Inflammatory  

cell influx in eyes with 
B. cereus 
endophthalmitis and 
treated with intravitreal 
antibiotics at 2, 4, or 6 h 
postinfection. Values 
are mean ± SEM of 
N≥5 eyes/group. 
 

intravitreal injection of either gatifloxacin or vancomycin (not both, as the retinal function retained was less and 
inflammation was greater with the combination than either antibiotic alone). In terms of better retinal function outcome, 2 
h treatment > 4 h treatment > 6 h treatment, and vancomycin = gatifloxacin > vancomycin + gatifloxacin. Inflammatory 
cell influx into infected eyes is presented in Figure 2. In terms of least inflammation after treatment, 2 h treatment > 4 h 
treatment > 6 h treatment, and vancomycin > gatifloxacin > vancomycin + gatifloxacin. In approximately 45% of cases of 
severe B. cereus endophthalmitis, the eye must be removed.3,4 Ocular architecture remained intact following 6 h treatment 
with either antibiotic (Figure 3), indicating that treatment delays of 6 h may not salvage useful vision, but globe 
architecture may be retained.   
 
Data Not Shown: Bacterial counts (results discussed in Progress to Date) and histology sections and photographs of eyes 
from each treatment group at all endpoints. 
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Figure 3. Histology and photographs of eyes 
with B. cereus endophthalmitis and treated with 
intravitreal antibiotics at 6 h postinfection. Eyes 
were photographed and harvested at 36 h 
postinfection. Eyes treated with gatifloxacin or 
combination were full inflamed and retinas 
were significantly damaged, but globes 
remained intact. Eyes treated with vancomycin 
alone had less inflammation, less retinal 
damage, and globes remained intact. Data are 
representative of N=3 eyes per group. 
 

Experiments Remaining: 1) Analysis of antibiotic concentrations in eyes from the experiments described above. 2) 
Analysis of treatment of infection initiated by spore forms of B. cereus.  
 
Relevance: These results reiterate that early intravitreal treatment of posterior segment bacterial infections is critical for 
salvaging not only vision, but also the architecture of the globe itself. In the battlefield where treatment delays are 
expected, intravitreal administration of antibiotics following post-traumatic ocular injury may pre-empt infection and 
improve visual outcome. 
 
Aim 1.2 Antibiotics Plus Anti-Inflammatory Agents: Intravitreal administration of antibiotics plus anti-
inflammatory agents against B. cereus during the early logarithmic bacterial growth stage of endophthalmitis. 
 
Summary: In Wiskur et al.2, we reported that intravitreal administration of dexamethasone (1.0%) with gatifloxacin 

Figure 4. Retinal function analysis of 
eyes with B. cereus endophthalmitis 
and treated with intravitreal 
vancomycin (Vanc, 1.0%) or 
vancomycin + prednisolone acetate 
(Pred, 1.0%) at 2, 4, or 6 h 
postinfection. Values are mean ± SEM 
of N≥5 eyes/group. 
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(0.3%) or vancomycin (1.0%) did not limit inflammation or improve the outcome of infection compared with treatments 
with antibiotics alone. The present studies analyzed the effectiveness of prednisolone acetate in improving the outcome of 
experimental B. cereus endophthalmitis. 
 
Experimental Design Summary: Eyes were intravitreally infected with 100 CFU B. cereus. 0.1 mL of vancomycin (1.0%) 
or a combination of vancomycin and prednisolone acetate (1.0%) were intravitreally injected at either 2, 4, or 6 h 
postinfection. Eyes were analyzed at 12, 24, and 36 or 48 h postinfection by bacterial quantitation, electroretinography, 
inflammatory cell quantitation, and histology (N≥5 eyes per group). 
 
Progress To Date: Vancomycin treatments sterilized all eyes, except vancomycin administered at 6 h, as previously 
described.2 Retinal function analysis is summarized in Figure 4. In general, administration of vancomycin + prednisolone 
was not effective in reducing retinal function loss compared to the use of vancomycin alone. However, treatment with 
vancomycin + prednisolone did reduce inflammatory cell influx compared to that of vancomycin alone (Figure 5). For 2 h 
treatment, differences in inflammation between treatment groups were noted at 24 and 48 h, while treatment at 4 h or 6 h 
resulted in differences at the latest time point only. The only potential difference observed between the treatment groups 

Figure 5. Inflammatory cell influx in 
eyes with B. cereus endophthalmitis 
and treated with intravitreal 
vancomycin (Vanc) or vancomycin + 
prednisolone (V+P) at 2, 4, or 6 h 
postinfection. Values are mean ± 
SEM of N≥5 eyes/group. 
 

Figure 6. Histology and photographs of 
eyes with B. cereus endophthalmitis and 
treated with vancomycin alone or 
vancomycin + prednisolone at 2, 4, or 6 h 
postinfection. Data are representative of 
N=3 eyes per group. 
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was in anterior segment inflammation observed via histology (Figure 6). This observation correlates with less 
inflammatory cell counts in eyes treated with vancomycin + prednisolone (Figure 5). There were no observable 
differences between treatment groups upon gross clinical examination (Figure 6).  
 
Data Not Shown: Bacterial counts (discussed in Progress to Date) and histology sections and photographs of eyes from 
each treatment group at all endpoints. 
 
Experiments Remaining: 1) A control group of treatment of infection with prednisolone alone is needed to complete the 
study. 2) Analysis of antibiotic concentrations in eyes from the experiments described above. 3) Comparison of treatment 
with gatifloxacin alone or gatifloxacin + prednisolone in experiments similar to those described in Aim 1.2. 
 
Relevance: Although the administration of prednisolone acetate with vancomycin improved inflammation during 
infection, loss of retinal function was similar to that of eyes treated with vancomycin alone during infection. These results 
suggest that, like our recent findings2 of lack of benefit of antibiotics in conjunction with dexamethasone, prednisolone 
acetate does not improve the therapeutic outcome of B. cereus endophthalmitis when combined with vancomycin. Further 
studies are needed to determine whether the combination of gatifloxacin and prednisolone improves therapeutic outcome. 
 
Aim 1.3 Antibiotics Plus Surgery: The effect of vitrectomy plus intravitreal antibiotics against B. cereus during the 
late logarithmic bacterial growth stage of endophthalmitis. 
 
Summary: As noted in the experiments above, treatment at 6 h postinfection resulted in loss of retinal function, but ocular 
architecture remained intact. Histology and photographs depicted the severe degree of inflammation in these eyes (Figure 
6). In clinical cases of this severity, vitrectomy is used to remove posterior segment debris in order to potentially salvage 
vision. This Aim was proposed to analyze the effectiveness of vitrectomy used in conjunction with antibiotics for 
treatment of late-stage B. cereus endophthalmitis.  
 
Progress To Date: These studies have not yet begun. 
 
Aim 2: Non-Conventional Therapeutics. We hypothesized that blocking toxin activity, bacterial migration within 
the eye, and/or influx of inflammatory cells during B. cereus endophthalmitis will attenuate intraocular virulence 
and improve the therapeutic outcome of disease.  
 
Aim 2.1 Blocking Toxin Activity: Intravitreal administration of anti-toxin raised to B. cereus toxins plus antibiotics 
against B. cereus during the early logarithmic bacterial growth stage of endophthalmitis.  
 
Summary: We reported that toxin production in the eye during B. cereus endophthalmitis was responsible for the majority 
of retinal function loss during progressive infection.5,6 Others have reported that antisera raised to another ocular 
pathogen, Staphylococcus aureus, was effective in abrogating the effects of toxins during experimental endophthalmitis 
caused by that organism.7,8 We proposed a similar approach for treating B. cereus – combining anti-B. cereus toxin 
antisera with antibiotics during treatment at the early stages of infection when toxins are produced. The key is to kill the 
organism and arrest toxin activity. 
 
Progress to date: We are presently raising polyclonal antibody to B. cereus toxins for administration with antibiotics 
during experimental B. cereus endophthalmitis. In vivo testing has not yet begun. 
  
Aim 2.2 Blocking Bacterial Migration: Intravitreal administration of anti-flagellar antibody raised to B. cereus 
flagella plus antibiotics against B. cereus during the early logarithmic bacterial growth stage of endophthalmitis. 
 
Summary: We reported that B. cereus migration throughout the eye was important to the virulence of the organism.6,9 In 
an approach similar to that in Aim 2.1, we proposed to combine anti-B. cereus flagella antisera with antibiotics during 
treatment at the early stages of infection when bacteria are moving within the posterior segment of the eye. The key is to 
prevent migration of the organism into niches where they may circumvent antibiotic action while also killing the 
organisms. 
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Progress To Date: We are presently purifying B. cereus flagella for use in generating polyclonal antibody for 
administration with antibiotics during experimental B. cereus endophthalmitis. In vivo testing has not yet begun. 
 
Aim 2.3 Blocking Intraocular Influx of Inflammatory Cells: Intravitreal administration of anti-TNFα plus 
antibiotics against B. cereus during the early logarithmic bacterial growth stage of endophthalmitis.  
 
Summary: We reported that TNFα is one of the pro-inflammatory cytokines synthesized in the eye during B. cereus 
endophthalmitis.10 Using transgenic mice deficient in TNFα, we identified this cytokine as being important in recruitment 
of inflammatory cells into the eye during B. cereus endophthalmitis.11 Pilot experiments in mice demonstrated that anti-
TNFα reduced the inflammatory cell load when administered intravitreally alone at the time of infection, but the reduction 
was only 40% at 10 h postinfection. We proposed to analyze whether anti-TNFα combined with antibiotics effectively 
reduced inflammation and sterilized the eye during the early stages of B. cereus endophthalmitis.  

 
Experimental Design Summary: Eyes 
were intravitreally infected with 100 
CFU B. cereus. 0.1 mL of 
vancomycin (1.0%), a combination 
of vancomycin and anti-TNFα 
(Remicade, 0.5 ng), or anti-TNFα 
alone were intravitreally injected at 
either 2, 4, or 6 h postinfection. Eyes 
were analyzed at 12 h postinfection 
by electroretinography and 
inflammatory cell quantitation (N≥3 
eyes per group). 
 
Progress To Date: Analysis of retinal 
function and inflammatory cell influx 
is presented in Figure 7.  Overall, the 
combination of anti-TNFα + 
vancomycin did not improve B-wave 
function loss or extent of infiltrating 
inflammatory cells compared to 
vancomycin alone. To date, eyes 
have been analyzed at 12 h only. 
Treatment with anti-TNFα 
(Remicade) alone resulted in near 
complete retinal function loss and 
significant inflammation, as expected 
when antibiotics are absent. 
 
Experiments Remaining: 1) 
Continuation of these experiments 
with analysis of bacterial growth, 
histology and antibiotic 
concentrations 12 h, and analysis of 
all parameters at 24 and 36 h 
postinfection. N values must also be 
increased for some data points. 

 

Retinal function and inflammatory cells in eyes with B. cereus endophthalmitis and 
treated with intravitreal vancomycin (Vanc), vancomycin + anti-TNFα (Vanc + Rem), 
or anti-TNFα alone (Rem) at 2, 4, or 6 h postinfection. Values are mean ± SEM of 
N≥3 eyes/group. 

 

Relevance: We found that intravitreal administration of anti-TNFα (Remicade) to mouse eyes did not significantly reduce 
inflammation or alter function loss during B. cereus endophthalmitis. To date, no studies have analyzed the value of 
cytokine blockade in the treatment of intraocular infection, but studies do describe the use of anti-TNFα drugs in treating 
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intraocular inflammation during uveitis.12-14 Our preliminary results demonstrate that anti-TNFα blocking, even in the 
early stages of infection, may not improve the outcome of inflammation or infection. This is not surprising considering 
our findings of the production of additional chemotactic cytokines in the eye during experimental endophthalmitis in the 
mouse.11 However, it is of interest to determine whether inflammation is kept at bay by anti-TNFα at a time past the 12 h 
time point. 
 

KEY RESEARCH ACCOMPLISHMENTS 
 

• We demonstrated that early and aggressive (i.e. intravitreal) antibiotic treatment of intraocular infection is critical in 
salvaging vision. 

• Delayed treatment (i.e. at 6 h postinfection) does not prevent significant vision loss but does arrest deterioriation of 
the globe itself. 

• Addition of prednisolone acetate to vancomycin in the treatment of B. cereus endophthalmitis does not improve 
retinal function loss but slightly dampens inflammation during infection. 

• Adjunct use of anti-TNFα may not alter the outcome of infection, but further studies are needed to determine whether 
inflammation is altered during infection. 

 
REPORTABLE OUTCOMES 

 
There are no reportable outcomes to date. We plan to submit the results of Aims 1.1 and 1.2 to the Association for 
Research in Vision and Ophthalmology (ARVO) 2009 Annual Meeting (deadline December 2008) and prepare a 
manuscript containing this data for submission to Investigative Ophthalmology and Visual Science. The results of the 
studies of Aim 2.3 can also be submitted to the ARVO meeting if completed before the deadline.  
 

CONCLUSIONS 
 

Early and aggressive (i.e. intravitreal) administration of antibiotics are key to preventing significant vision loss and loss of 
the eye itself following penetrating injury and potential intraocular infection. The importance of these studies lies in 
identifying the timing in which an eye can be salvaged, even though sight may be lost. On the battlefield, as well as during 
accidental trauma, the timing from injury to treatment is critical, as is the type of treatment administered. Numerous 
studies have demonstrated that for posterior segment infections, systemic and/or topical antibiotic treatment is relatively 
useless (reviewed in reference 15). We demonstrated that intravitreal administration of antibiotics (with or without anti-
inflammatory drugs) salvages vision if given early and can rescue the eye if treatment is delayed. Although our work 
analyzes treatment of B. cereus endophthalmitis – the most devastating form of bacterial endophthalmitis – the results of 
these studies can be extrapolated toward treatment of infections with other vicious pathogens such as Staphylococcus 
aureus or Streptococcus pneumoniae, where courses of infection are slower but infection outcomes are just as devastating. 
The use of anti-inflammatory agents to alter inflammation remains controversial, and our results of prednisolone 
acetate/vancomycin or anti-TNFα/vancomycin administration do not help to clarify the issue. Future work should involve 
analyzing use of prednisolone acetate/gatifloxacin to identify any therapeutic improvements with this combination. 
 

REFERENCES 
 

1. Heier JS, Enzenauer RW, Wintermeyer SF, Delaney M, LaPiana FP. Ocular injuries and diseases at a combat support 
hospital in support of Operations Desert Shield and Desert Storm. Arch Ophthalmol. 1993 Jun;111(6):795-8. 

2. Wiskur BJ, Robinson ML, Farrand AJ, Novosad BD, Callegan MC. Toward improving therapeutic regimens for 
Bacillus endophthalmitis. Invest Ophthalmol Vis Sci. 2008 Apr;49(4):1480-7. 

3. Das T, Choudhury K, Sharma S, Jalali S, Nuthethi R. Clinical profile and outcome in Bacillus endophthalmitis. 
Ophthalmology 2001;108:1819-1825. 

4. David DB, Kirkby GR, Noble BA. Bacillus cereus endophthalmitis. Br J Ophthalmol 1994;78:577-580. 
5. Callegan MC, Kane ST, Cochran DC, Gilmore MS, Gominet M, Lereclus D. Relationship of plcR-regulated factors to 

Bacillus endophthalmitis virulence. Infect Immun. 2003 Jun;71(6):3116-24. 
6. Callegan MC, Kane ST, Cochran DC, Novosad B, Gilmore MS, Gominet M, Lereclus D. Bacillus endophthalmitis: 

roles of bacterial toxins and motility during infection. Invest Ophthalmol Vis Sci. 2005 Sep;46(9):3233-8. 



CDMRP PR064081 Annual Report -- 11 

7. Han DP. Intravitreal human immune globulin in a rabbit model of Staphylococcus aureus toxin-mediated 
endophthalmitis: a potential adjunct in the treatment of endophthalmitis. 
Trans Am Ophthalmol Soc. 2004;102:305-20. 

8. Perkins SL, Han DP, Burke JM, Schlievert PM, Wirostko WJ, Tarasewicz DG, Skumatz CM. Intravitreally injected 
human immunoglobulin attenuates the effects of Staphylococcus aureus culture supernatant in a rabbit model of toxin-
mediated endophthalmitis. Arch Ophthalmol. 2004 Oct;122(10):1499-506. 

9. Callegan MC, Kane ST, Cochran DC, Gilmore MS. Molecular mechanisms of Bacillus endophthalmitis pathogenesis. 
DNA Cell Biol 2002 May-Jun;21(5-6):367-73 

10. Ramadan RT, Ramirez R, Novosad BD, Callegan MC. Acute inflammation and loss of retinal architecture and 
function during experimental Bacillus endophthalmitis. Curr Eye Res. 2006 Nov;31(11):955-65. 

11. R.Ramadan, A.L. Moyer, M.C. Callegan. The Contribution of TNF-Alpha to Bacillus cereus Endophthalmitis 
Pathogenesis. Association for Research in Vision and Ophthalmology 2007 Annual Meeting (Abstract 2663/B753). 

12. Ardoin SP, Kredich D, Rabinovich E, Schanberg LE, Jaffe GJ. Infliximab to treat chronic noninfectious uveitis in 
children: retrospective case series with long-term follow-up. Am J Ophthalmol. 2007 Dec;144(6):844-849. Epub 2007 
Oct 22. 

13. Diaz-Llopis M, García-Delpech S, Salom D, Udaondo P, Bosch-Morell F, Quijada A, Romero FJ, Amselem L. High-
dose infliximab prophylaxis in endotoxin-induced uveitis. J Ocul Pharmacol Ther. 2007 Aug;23(4):343-50. 

14. Gallagher M, Quinones K, Cervantes-Castañeda RA, Yilmaz T, Foster CS. Biological response modifier therapy for 
refractory childhood uveitis. Br J Ophthalmol. 2007 Oct;91(10):1341-4. Epub 2007 Jun 7. 

15. Callegan MC, Gilmore MS, Gregory M, Ramadan RT, Wiskur BJ, Moyer AL, Hunt JJ, Novosad BD. Bacterial 
endophthalmitis: therapeutic challenges and host-pathogen interactions. Prog Retin Eye Res. 2007 Mar;26(2):189-
203. Epub 2007 Jan 22. 

 


